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Introduction 

ó Fossil fuels account for about 80 percent of global 
energy supply, and will be exhausted in a matter of 
decades at current consumption rates (Goldemberg, 
2007). 

ó The instability of the global energy sector has led to 
recent increases in the demand for alternatives, most 
notably bioenergy. 

ó The sustainability and environmental implications of 
bioenergy production are not well understood 
(Carroll and Somerville, 2009). 



BIOENERGY – Associated Benefits 

ó Greenhouse gas mitigation through carbon sequestration 

ó Reduce dependency on foreign countries, typically having 
weak political stature 

ó Cutting consumer cost and create jobs 

 



BIOENERGY – Associated Problems 

ó More freshwater for irrigation is required, even though 
farming accounts for 80 percent of all water consumed in 
the United States 

ó Non-Point Source pollution will likely increase due to more 
agricultural inputs 



Research Objectives 

ó Determine impacts of bioenergy on water quality: 
¡Sediment 
¡Total Nitrogen 
¡Total Phosphorus 

 

 



Methodology 



Study Area 

ó Larger scale impact 
assessment 

ó 53,358 km2 
 

ó 4 Large watersheds 

ó 879 Subbasins 

ó 5970 km streams 
 

(Love, 2011) 



Watershed Models 

ó Soil and Water Assessment Tool (SWAT) 

SWAT  

Topography  
 
River Network 
 
Soils 
 
Land use 
 
Daily weather 
 
Management practices 
  
 

 Watershed hydrology  
 
 Sediment and nutrients 
 
 Pesticide fate  & transport simulation 
 
 Channel erosion simulation 
 
  Vegetative growth  



Model Setup 

ó 19 Year period of study (1990-2008) 

ó Model Input 

¡ State Soil Geographic Database (STATSGO) 

¡ Elevation from USGS Digital Elevation Model 

¡ Stream network delineated based on NHD 

¡ Land cover based on 2008 Cropland Data Layer 

¡ Daily weather data from National Climatic Data Center 

÷ 195 Precipitation Stations 

÷ 158 Temperature Stations 



Crop Rotations & Management Operations 

Date Practice SWAT Practice Amount/ha 

May-1 Soil Finish 

May-4 Nitrogen Application Urea 194 kg 

May-4 Soil Finish Field Cultivator Ge15ft 

May-5 Phosphorus Application Elemental Phosphorus 59.5 kg 

May-5 Plant Corn Seed Plant/Begin Growing Season 

May-5 Bicep II Magnum ®  (PRE) Atrazine 1.39 kg 

May-5 Bicep II Magnum ®  (PRE) Metolachlor 1 kg 

Nov-1 Combine Harvest Corn Grain Harvest and Kill 

Nov-15 Fall Chisel Coulter-chisel Plow 

l 15 Bioenergy crop rotations 
l Accurately reproduce the local agricultural practices 

– For example, first year of corn-soybean-canola rotation 

(Love, 2011) 



Landuse Scenarios 

Four landuse scenarios were developed: 
 

ó Scenario 1: Row Crops (e.g. grains, hays, seeds) 
 

ó Scenario 2: Other Crops (e.g. sugarbeets, potatoes) 
 

ó Scenario 3: Marginal Land (e.g. fallow cropland,  
  pasture, wasteland) 
 

ó Scenario 4: All Tillable Land 



Landuse Scenarios 

ó Each scenario was subject to a series of reviews in 
order to provide the most realistic rotations for the 
region of study : 
 
¡ climate  
¡ preexisting harvesting equipment 
¡ expected productivity of each crop on the given soil types,  
¡ willingness of farmers to alter preexisting management 

practices to accommodate new cropping systems. 



Scenario 1: Row Crops 

 

(Love, 2011) 



Scenario 2: Non-Row Crops 

 

(Love, 2011) 



Scenario 3: Marginal Land 

 

(Love, 2011) 



Scenario 4: All Agricultural Land 

 

(Love, 2011) 



Calibration/Validation 

ó Calibration performed on daily basis 

¡ Flow 

¡  Sediment 

¡ Nitrogen 

¡ Phosphorus 

ó Calibration criteria 

¡ Nash-Sutcliffe efficiency (NSE >0.5) 

¡  Coefficient of determination (R2 >0.5)  

¡ Root mean-squared error (RMSE) 
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RMSE = 62.9 
NSE = 0.766 

R2 = 0.771 

NSE = 0.666 
RMSE = 74.9 
R2 = 0.733 

(Love, 2011) 



Results and Discussion 



Specific Goals 

ó Goal 1. Basin-wide impact of bioenergy cropping 
rotations 

 

ó Goal 2. Basin-level priority areas for targeting 
conservation efforts 
 

ó Goal 3. Suitability of bioenergy cropping rotations on 
different scenarios 
 

ó Goal 4. Statistical significance of bioenergy cropping 
rotations changes from base 



Goal 1 

ó Basin-wide impact of bioenergy cropping rotations 

 

¡ Average annual sediment, total nitrogen, and total phosphorus 
loads was obtained for each watershed at the outlet for the study 
period 



19-year annual average basin-wide pollution 
load at the watershed outlet 

Sediment 

(Love, 2011) 



19-year annual average basin-wide pollution load at the watershed outlet 

Sediment Phosphorus 

Nitrogen • Traditional, intensive crops such as 
corn, sorghum, canola and soybean 
experience increases in sediment and 
nitrogen load 

(Love, 2011) 



19-year annual average basin-wide pollution load at the watershed outlet 

Sediment Phosphorus 

Nitrogen • In certain cases has the potential to 
reduce phosphorus loads 

(Love, 2011) 



19-year annual average basin-wide pollution load at the watershed outlet 

Sediment Phosphorus 

Nitrogen • the perennial grass species (miscanthus, 
native grasses, and switchgrass) 
extensively mitigate sediment and 
phosphorus, yet have the potential to 
increase nitrogen slightly. 

(Love, 2011) 



Summary Goal 1 

ó Perennial grass species are most suitable for large-scale 
implementation in this study areas. 
 

ó Traditional intensive row crops should be implemented 
with caution on such a broad scale. 



Goal 2 

ó Basin-level priority areas for targeting conservation 
efforts 

¡ Three classes (low, medium, and high) of priority concerns were 
formed by dividing the study area based on what was essentially a 
quantile classification for each constituent. 

 

¡ Scenario 4 of the landuse conversion represents the most extreme 
scenario, therefore; the impacts of landuse conversion on both 
priority concerns areas and reaches were evaluated by comparing 
Base Scenario and Scenario 4 



Length of priority reach change from the Base Scenario (km) 

(Love, 2011) 



Length of priority reach change from the Base Scenario (km) 

(Love, 2011) 



Priority Streams for Base, Continuous Corn, and Switchgrass Scenarios 

Sediment 

Nitrogen 

Phosphorus 

Base Corn Switchgrass 

(Love, 2011) 



Continuous Corn vs. Base (Nitrogen Concentration) 

 

(Love, 2011) 



Identifying Basin-wide Critical Areas for Aquatic Health 

ó Continuous Corn: 
 +40.83% in sediment load 
+ 38.88% in total nitrogen 
load 
+ 30.48% in total 
phosphorus load 
 
ó Switchgrass: 
+ 1.98% in sediment load 
+ 34% in total nitrogen  
-12.12% in total phosphorus 
load 

(Love, 2011) 



Area of priority subbasins change from the Base Scenario (km2) 

(Love, 2011) 



Priority Areas for Base, Continuous Corn, and Switchgrass Scenarios 

Sediment 

Nitrogen 

Phosphorus 

Base Corn Switchgrass 

(Love, 2011) 



Continuous Corn vs. Base (Nitrogen Load) 

 

(Love, 2011) 



Basin-level Priority Areas for Targeting Conservation Efforts 

ó Continuous Corn: 
+ 44.74% in sediment load 
+ 45.67%  in total nitrogen 
load 
+ 42.13% in total phosphorus 
load 
 
ó Switchgrass: 
- 8.9% in sediment load 
- 5.1% in total nitrogen load 
- 8.4% in total phosphorus 
load 

(Love, 2011) 



Summary Goal 2 

ó In general, the perennial grasses, although mixed 
benefits are present, are more suitable for  
implementation than intensive annual bioenergy crops. 



Goal 3 

ó Suitability of bioenergy cropping rotations on different 
scenarios 
 
¡ Provide a comparison of all rotations based on their contribution 

to annual average sediment, nitrogen, and phosphorus loads for 
all landuse scenarios. 



Total combined pollutant load of all watersheds 

Sub-scenario           Sediment                 Total Nitrogen                        Total Phosphorus 

  Load (tons) 
% Change from 

Base Load (kg) 
% Change from 

Base Load (kg) 
% Change from 

Base 
Base 473470 - 20062390 - 1606130 - 
Scen1_Continuous Canola 474950 0.31 21992080 9.62 1212830 -24.49 
Scen1_Continuous Corn 569040 20.19 21163620 5.49 1370890 -14.65 
Scen1_Continuous CornStover 552470 16.69 27515330 37.15 1410920 -12.15 
Scen1_Continuous Rye 399790 -15.56 17053860 -15.00 853790 -46.84 
Scen1_Continuous Sorghum 662380 39.90 18350560 -8.53 1421670 -11.48 
Scen1_Continuous Soybean 616680 30.25 22616070 12.73 1402420 -12.68 
Scen1_Corn Soy 590170 24.65 21549760 7.41 1374450 -14.42 
Scen1_Corn Soy Canola 597820 26.26 23932710 19.29 1460160 -9.09 
Scen1_Corn Soy Rye 458230 -3.22 20540200 2.38 1070030 -33.38 
Scen1_CornStover Soy 577190 21.91 23786210 18.56 1393350 -13.25 
Scen1_Sorghum Soy 654390 38.21 19910470 -0.76 1345990 -16.20 
Scen1_Miscanthus 91110 -80.76 20989570 4.62 802720 -50.02 
Scen1_Native Grass 119280 -74.81 15993390 -20.28 677780 -57.80 
Scen1_Switchgrass 282200 -40.40 17579150 -12.38 852380 -46.93 
Scen4_Continuous Canola 649600 37.20 34461140 71.77 1674150 4.24 
Scen4_Continuous Corn 772300 63.11 32483590 61.91 1963300 22.24 
Scen4_Continuous CornStover 755900 59.65 44351540 121.07 2038100 26.90 
Scen4_Continuous Rye 538090 13.65 25395310 26.58 1010140 -37.11 
Scen4_Continuous Sorghum 887700 87.49 27805260 38.59 2047510 27.48 
Scen4_Continuous Soybean 824700 74.18 35339620 76.15 2016760 25.57 
Scen4_Corn Soy Rye 620860 31.13 31481110 56.92 1406110 -12.45 
Scen4_Corn Soy 794200 67.74 33302840 66.00 1956950 21.84 
Scen4_CornStover Soy 780300 64.80 37242850 85.64 2002750 24.69 
Scen4_Sorghum Soy 872500 84.28 30532740 52.19 1896260 18.06 
Scen4_Miscanthus 91850 -80.60 32404910 61.52 913240 -43.14 
Scen4_Native Grass 135390 -71.40 23694470 18.10 679540 -57.69 
Scen4_Switchgrass 366360 -22.62 26310980 31.15 994880 -38.06 

(Love, 2011) 



Sceff 

Scenario 1 

Scenario 2 

Scenario 3 

Scenario 4 

399,790           -15.56       17,053,860        -15.00    853,790 -46.84 

629,560           32.97       36,226,820        80.57    1,382,460 -13.91 

----           ----       ----         -----     ----  ----- 

538,090           13.65       25,395,310        26.58    1.010.140 -37.11 

Continues Rye 



Summary Goal 3 

ó Perennial grass species reduced sediment, nitrogen, and 
phosphorus loadings in Scenario 1 (Row Crops). 

 

ó It is not recommended to convert land under Scenarios 2 and 
3  (Other Crops and Marginal Lands) to any bioenergy 
rotation in areas with preexisting high nitrogen levels. 

 

ó For Scenario 4 (All Agricultural Lands), the row crops make 
the condition worst while the perennial grass improve the 
water quality except for nitrogen. 

 



Goal 4 

ó Statistical significance of bioenergy cropping rotations 
changes from base 
 

¡ The t-tests were performed to determine the statistical 
significance levels 

¡ p-value of 0.05 or less rejects the hypothesis that there is no 
significant differences in pollution generation between the 
bioenergy crop rotation and the current landuse scenario (Base 
Scenario). 



Statistical Significance of Bioenergy Cropping 
Rotations Changes from Base 

p-value for given constituent  
Sediment (tons) Total N (kg) Total P (kg) 

Scen1_Continuous Canola 0.96590 0.00156 0.00009 
Scen1_Continuous Corn 0.00000 0.02167 0.00000 
Scen1_Continuous CornStover 0.00000 0.00000 0.00000 
Scen1_Continuous Rye 0.09421 0.00029 0.00000 
Scen1_Continuous Sorghum 0.00000 0.00318 0.00001 
Scen1_Continuous Soybean 0.00000 0.00011 0.00000 
Scen1_Corn Soy 0.00000 0.00286 0.00000 
Scen1_Corn Soy Canola 0.00000 0.00000 0.00033 
Scen1_Corn Soy Rye 0.66593 0.32899 0.00000 
Scen1_CornStover Soy 0.00000 0.00000 0.00000 
Scen1_Sorghum Soy 0.00000 0.00659 0.00000 
Scen1_Miscanthus 0.00000 0.00000 0.00000 
Scen1_Native Grass 0.00000 0.73903 0.00000 
Scen1_Switchgrass 0.00024 0.00187 0.00000 
Scen2_Continuous CornStover 0.00000 0.00000 0.00000 
Scen2_CornStover Soy 0.00000 0.00000 0.00000 
Scen2_Miscanthus 0.00000 0.00000 0.00000 
Scen2_Native Grass 0.00000 0.00000 0.00000 
Scen2_Switchgrass 0.00000 0.00000 0.00000 
Scen3_Continuous Canola 0.00000 0.00000 0.65024 
Scen3_Continuous Corn 0.00000 0.00000 0.05087 
Scen3_Continuous Rye 0.00004 0.00000 0.00115 
Scen3_Corn SoyCanola 0.00000 0.00000 0.01173 
Scen3_Corn Soy Rye 0.00000 0.00000 0.04407 
Scen3_Native Grass 0.80892 0.00000 0.00001 
Scen3_Miscanthus 0.12460 0.00000 0.00001 
Scen3_Switchgrass 0.00163 0.00000 0.00112 
Scen4_Continuous Canola 0.00228 0.00000 0.60469 
Scen4_Continuous Corn 0.00000 0.00000 0.00000 
Scen4_Continuous CornStover 0.00000 0.00000 0.00000 
Scen4_Continuous Rye 0.26324 0.00303 0.00007 
Scen4_Continuous Sorghum 0.00000 0.00003 0.00000 
Scen4_Continuous Soybean 0.00000 0.00000 0.00000 
Scen4_Corn Soy Rye 0.00828 0.00000 0.08777 
Scen4_Corn Soy 0.00000 0.00000 0.00000 
Scen4_CornStover Soy 0.00000 0.00000 0.00000 
Scen4_Sorghum Soy 0.00000 0.00000 0.00000 
Scen4_Miscanthus 0.00000 0.02608 0.00000 
Scen4_Native Grass 0.00000 0.00000 0.00000 
Scen4_Switchgrass 0.07133 0.00171 0.00008 

(Love, 2011) 



Summary Goal 4 

ó In general perennial grass species significantly reduce 
sediment and phosphorus loads 
 

ó Bioenergy crops likely to increase nitrogen levels at all 
implementation scales 
 



Overall Conclusions 

ó Perennial grass species are most suitable for large-
scale implementation in this study area 

ó Traditional intensive row crops should be 
implemented with caution on such a broad scale 

ó Bioenergy row crops exhibit dramatic pollution load 
variation caused by differences in climate and 
physiographic characteristics throughout the study 
area 
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Thank you! 


